ABSTRACT A radio image that covers the Hubble deep field and flanking fields has been made using the VLA for 50 hr at a frequency of 8.4 GHz, a resolution of 6Љ, and a 4.3 detection level of 12.2 Jy. All six radio sources detected in the deep field are identified with galaxies brighter than I ϭ 24 mag, based on a radio/optical coincidence better than 1Љ. In the flanking fields 8 of 12 sources are identified with galaxies 19 to 25 mag. The identifications are preferentially with red elliptical galaxies and early-type spiral galaxies. Several galaxies show distortions that suggest interaction.
INTRODUCTION
The Hubble deep field (HDF) project was commissioned in order to utilize the superior imaging capabilities of the Hubble Space Telescope to study galaxy populations at cosmological distances. The field is centered near ␣ ϭ 12 h 36 m 49 s , ␦ ϭ ϩ62Њ12Ј58Љ (epoch J2000) and covers a region of about 4 arcmin 2 . Galaxies as faint as 29 mag can be detected. Shallower observations, of eight additional WFPC2 fields surrounding the HDF (Hubble flanking fields [HFF] ), were added to cover an area of about 40 arcmin 2 with a detection level of 25 mag (Williams et al. 1996) . Intense study at all wavelengths of this region of sky is in progress at many observatories.
The radio emission from objects in the HDF and the surrounding flanking fields is important in understanding the space density and evolution of radio sources, since virtually all of the objects should be identified (see, e.g., Windhorst, Dressler, & Koo 1987) . Recent observations of faint microjansky radio galaxies (Windhorst et al. , 1995 show that these weaker sources do not comprise as homogeneous a population of starburst spiral galaxies as do the millijansky sources. Many of these microjansky radio sources have been optically identified with field spirals as well as red ellipticals. Less than 10% of the identifications are with quasars or stars. Many of these radio sources are concentrated in small groups and are morphologically peculiar, indicating that tidal interactions may play an important role in galaxy evolution and its associated microwave emission at this epoch (Fomalont et al. 1991; Windhorst et al. 1995; Hammer et al. 1995) . This paper reports on the initial results from the first deep radio observations of the HDF and HFF. Fourteen of the 18 radio sources have been identified with optical objects, and another three of the remaining four sources have possible identifications with nearby objects.
THE HDF RADIO IMAGE
Observations to image the HDF were made with the VLA in the C configuration between 1996 February 5 and March 12 on six separate days; each run was 10 hr in length. The field center for the radio observations was ␣ ϭ 12 h 36 m 49!4, ␦ ϭ ϩ62Њ12Ј58Љ (epoch J2000). The full width at half-power (FWHM) of the VLA is 312Љ, and radio sources were detected in a field of view of diameter 480Љ. Observations were alternated between the HDF and the calibrator source 1217ϩ585, 13 minutes on HDF and 2 minutes on 1217ϩ585. The assumed position of 1217ϩ585 is ␣ ϭ 12 h 17 m 11!203, ␦ ϭ ϩ58Њ35Ј26"228 (epoch J2000) and is accurate to 0"02. The source 3C 286 was observed once each day in order to determine the flux density scale of the system. The editing, calibration, imaging, and cleaning of the data were made in the normal manner using the Astronomical Image Processing System, and the details are described in Fomalont et al. (1993) .
The clean image that covers the HDF and HFF is shown in Figure 1 . The rms noise is 2.78 Jy at the image center. Sources with a peak image flux density greater than 12.2 Jy (4.3 ) have a greater than 95% probability of being real sources in the sky. Figure 1 is uncorrected for the primarybeam attenuation, and the middle of the HDF lies to the right of the center of the image. There are 18 radio sources above 12.2 Jy. Tables 1 and 2 list the parameters for the six radio sources found in the HDF and the 12 sources in the HFF, respectively. given (with error estimates) in the next two columns. For sources outside of the 8% power level of the primary beam, the true sky flux density cannot be accurately determined. The next two columns give the right ascension and the declination (with errors) of the centroid of each source. These are followed by the angular size estimate or limit (14 of the 18 sources are unresolved), and then the redshift (Cohen et al. 1996) . For both tables we list our estimate of the I-magnitude of the identification, as measured from the HDF or the HFF images. A question mark indicates a possible identification with an object which is less than 2Љ away from the radio position. The source HFF 3646ϩ1448 in one of the flanking fields appears to be in an empty field.
The radio positions given in Tables 1 and 2 are tied to the inertial quasar reference frame (by using the quasar 1217ϩ585 as the primary position calibrator) to an accuracy better than 0"02; however, the noise in the images limits the positional accuracy of most sources to 0"3 in each coordinate. These sources can be used to determine the most accurate registration of the HDF using the best identification, and further radio observations at higher resolution should produce an alignment of the radio and optical grids to better than 0"1.
THE OPTICAL IDENTIFICATIONS
The optical identification of the weak radio sources with faint galaxies requires an alignment of the radio and optical grids to better than 1Љ. However, the guide star positions used by Hubble to determine its a priori registration can be up to 2Љ in error, and these can produce offsets in each of the HDFϩHFF frames from the radio FK5 frame by over 1Љ. A more accurate HDFϩHFF registration with respect to the FK5 frame is currently being made by a comparison with an astrometric quality Palomar image provided by C. Steidel and by using these high-quality identifications of radio sources. For the HDF image, we estimate that the a priori positional accuracy is better than 0"5; for some of the HFF images the position error may be larger than 1Љ.
Nevertheless, most radio sources can be unambiguously identified even with the present astrometric precision. Figures  2a and 2b (Plates L3, L4) show the radio/optical fields for each of the 18 sources. Each square box covers an area of 20Љ ϫ 20Љ, centered on the radio source. The gray scale shows the optical emission (the gray scale is different for the HDF and the HFF) with the optical resolution convolved to 0"2. The radio emission contour levels are 6, 12, 18, and 36 Jy beam
Ϫ1
, and are uncorrected for the primary-beam attenuation. Only radio sources with a central peak above the second contour level should be considered real sources. However, there are some interesting tentative identifications with weaker radio objects in some of the fields; deeper radio observations now underway will produce further firm identifications. The nature and reliability of the identification of each source are given in the individual figure captions and are discussed further below.
The source HDF 3649ϩ1313 is near the center of the
Hubble field where the radio sensitivity is at maximum. The peak emission is identified with a distorted galaxy, and emission extends to the north and west to other distorted galaxies in this probable interacting system. 2. Source HDF 3644ϩ1133 is intriguing. It is one of the brightest sources in the radio field and is identified with a typical red elliptical galaxy. This main radio component is less than 2Љ in diameter, but there is also low-level radio emission extending north and south from the peak. The northern spur ends near a peculiar-looking blue chain galaxy; the southern spur curves west to a small asymmetric object (on the flanking field). Higher resolution radio observations are needed to determine whether the emission peaks are connected or merely blended together in this relatively low-resolution radio image.
3. Source HFF 3634ϩ1212 appears to be an interacting system; source HFF 3701ϩ1147 lies at the end of an arc that eminates from the nearby 22 mag galaxy (this feature is weak on the HFF and must be confirmed); one source (HFF 3721ϩ1129) may be associated with a ring-shaped galaxy.
DISCUSSION AND CONCLUSIONS
The first radio image covering the HDFϩHFF shows that most of the identifications are with galaxies in the magnitude range 20 -24 mag. It is interesting that all of the sources in the HDF above our flux density limit of 12 Jy are identified with galaxies substantially brighter than the HDF detection limit of 29 mag. The most common types are red elliptical galaxies and blue early-type spirals, in agreement with the results from other deep surveys. Many of the identified sources appear to be in groups where interacting galaxies are suspected from the optical and radio morphologies. One radio source at most (less than 5% of the sample) may be in an empty optical field.
For the seven sources with measured redshifts, the monochromatic radio luminosity at 8 GHz is 10 21 -10 25 W Hz Ϫ1 , comparable to that of nearby Fanaroff-Riley I (FR I) radio galaxies identified with strong radio sources.
Twelve radio sources lie in the flanking fields where the limiting magnitude is about I ϭ 25 mag. Eight sources are reliably identified, three have uncertain identifications, and one appears to be an empty optical field. As with the HDF, identifications are associated with elliptical galaxies and earlytype spiral galaxies, and many identified sources appear to be interacting with a nearby galaxy, or to be in small groups. The average magnitude of the flanking field identifications is about 23 mag.
The three uncertain identifications in the flanking fields (HFF 3640ϩ1011, HFF 13701ϩ1147, HFF 3708ϩ1245) are displaced more than 1Љ from the radio position. Their status should be resolved with better radio-optical astrometry. The empty field containing source HFF 3646ϩ1448 is one of the few slightly extended radio sources. No optical object above 25 mag is seen in the flanking field at the position of the peak of the radio source or within 2Љ of it.
Further observations with the VLA have reduced the rms sensitivity from 2.8 to 12.1 Jy . Planned observations with the VLA in the A configuration and with MERLIN (Muxlow T. 1996, private communication) will give a resolution comparable to that of HST. In addition, radio spectral information on the 230 brightest sources will be obtained with 2Љ resolution data at 1.4 GHz. These radio studies, and additional optical work, should further our understanding of both star formation at high redshift and the distinction between radio-loud and radio-quiet early-type spiral galaxies. 
